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1
APPARATUS FOR CONVERTING WAVE
MOTION ON A BODY OF WATER INTO
ELECTRICAL POWER

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the filing benefit under 35 U.S.C.
§119 of Canadian Application Number 2,829,362, filed Oct.
4, 2013, which is hereby incorporated by reference.

TECHNICAL FIELD

The present invention pertains generally to power genera-
tion, and more particularly to a fully enclosed floating power
generating system which converts the kinetic energy of waves
on a body of water into electrical energy.

BACKGROUND OF THE INVENTION

Systems which harness sea wave energy are known in the
art. In one approach energy is generated when floating mod-
ules move up and down in response to wave action. In other
systems the power generating mechanism uses the vertical
motion inherent in the movement of waves to effect a corre-
sponding displacement of a component of the generating
system. Other systems utilize pendulums or the movement of
fluid to generate power from wave motion. And still other
systems utilize the tilting motion of a floating module to
generate electrical power.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to apparatus for convert-
ing the energy of waves on a body of water into electrical
power. The apparatus includes an electrical power generating
system which is enclosed in a compact, sealed, waterproof
floating container (module) which protects the components
against the elements of water, wind, salt, ice, and floating
debris. The electrical power generating system includes one
or more electrical power generating units. The electrical
power generating units employ a pair of spaced apart wheels
having one or more rotatably connected electrical generators.
The wheels are connected by a drive element which has a
weight. When wave motion causes the electrical power gen-
erating unit to tilt, because of gravity the weight moves
thereby turning the wheels and generator(s) and producing
electrical power.

In accordance with an embodiment, apparatus for convert-
ing wave motion on a body of water into electrical power
includes an electrical power generating system. The electrical
power generating system includes an electrical power gener-
ating unit which is disposed within the floatable housing. The
electrical power generating unit includes a first wheel and a
second wheel which is spaced apart from the first wheel. The
wheels are connected by a drive element to which a weight is
attached. One or more generators are rotatably connected to
the wheels so that when the wheels rotate the generators also
rotate. When the electrical power generating system is placed
in the body of water the wave motion causes the electrical
power generating system to tilt so that one of the first wheel
and the second wheel becomes lower than the other of the first
wheel and the second wheel, the weight moving toward the
lower wheel, which causes the drive element to rotate, which
causes the first wheel to rotate, which causes the generator to
rotate and produce electrical power.
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In accordance with another embodiment, a track is dis-
posed between the first wheel and the second wheel. The
weight includes a roller which is shaped and dimensioned to
roll along the track.

In accordance with another embodiment, the track has a
first end disposed near the first wheel, and a second end
disposed near the second wheel. A first stop is disposed at the
first end of the track for preventing the roller from striking the
first wheel, and a second stop is disposed at the second end of
the track for preventing the roller from striking the second
wheel.

In accordance with another embodiment, a plurality of
generators are rotatably connected to the first wheel.

In accordance with another embodiment, at least one gen-
erator is rotatably connected to the second wheel.

In accordance with another embodiment, a second genera-
tor is rotatably connected to the first wheel. The first wheel
includes a middle pulley and two end pulleys. The drive
element is connected to the middle pulley. The first generator
is rotatably connected to one of the end pulleys, and the
second generator is rotatably connected to the other of the end
pulleys.

In accordance with another embodiment, a plurality of
electrical power generating units are disposed within the
floatable housing.

In accordance with another embodiment, a second electri-
cal power generating system is provided. A connector is pro-
vided for connecting the electrical power generating system
to the second electrical power generating system.

In accordance with another embodiment, the connector
prevents the electrical power generating system and the sec-
ond electrical power generating system from both drifting
apart and colliding.

In accordance with another embodiment, the connector is
an elongated member.

In accordance with another embodiment, the connector is a
flexible beam.

In accordance with another embodiment, the connector is
removably connectable to the electrical power generating
system and the second electrical power generating system.

In accordance with another embodiment, the electrical
power generating system and the second electrical generating
system each having a connector receiving station for connect-
ing the connector.

In accordance with another embodiment, the connector
receiving station includes a pivot axis about which the con-
nector can rotate.

In accordance with another embodiment, the electrical
power generating system and the second electrical power
generating system each have a plurality of connector receiv-
ing stations.

In accordance with another embodiment, a plurality of the
electrical power generating systems are connected to form an
array of systems. Each of the electrical power generating
systems of the array of systems has a longitudinal axis along
which the power generating unit is disposed. The array of
systems are arranged so that the longitudinal axis of an elec-
trical power generating system is oriented parallel with the
longitudinal axis of an adjacent electrical power generating
system.

In accordance with another embodiment, the array of sys-
tems is arranged so that the longitudinal axis of an electrical
power generating system is oriented perpendicular to the
longitudinal axis of an adjacent electrical power generating
system.
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In accordance with another embodiment, a second power
generating system is stacked on top of the power generating
system.

Other embodiments, in addition to the embodiments enu-
merated above, will become apparent from the following
detailed description, taken in conjunction with the accompa-
nying drawings, which illustrate, by way of example, the
principles of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan cutaway view of an electrical power
generating system which converts wave motion on a body of
water into electrical power;

FIG. 2 is a side elevation cutaway view of the system;

FIG. 3 is an enlarged top plan view of an electrical power
generating unit;

FIG. 4 is a side elevation view of the electrical power
generating unit:

FIG. 5 is an end elevation view of the electrical power
generating unit:

FIG. 6 is an enlarged view of area 6 of FIG. 3;

FIG. 7 is an enlarged view of area 7 of FIG. 4;

FIG. 8 is an enlarged view of FIG. 5;

FIG. 9 is an enlarged view of area 9 of FIG. 3;

FIG. 10 is an enlarged view of area 10 of FIG. 4;

FIG. 11 is a cross sectional view along the line 11-11 of
FIG. 4;

FIG. 12 is a top plan view of the system with a plurality of
electrical power generating units;

FIG. 13 is a reduced side elevation cutaway view of the
system being tilted by wave motion;

FIG. 14 is another reduced side elevation cutaway view of
the system being tilted by wave motion;

FIG. 15 is a reduced perspective view of two electrical
power generating systems connected together;

FIG. 16 is an enlarged view of area 16-16 of FIG. 15;

FIG. 17 is a reduced side elevation view of the two electri-
cal power generating systems being tilted by wave motion;

FIG. 18 is a reduced top plan view of an array of electrical
power generating systems;

FIG. 19 is a reduced top plan view of another array of
electrical power generating systems; and,

FIG. 20 is a reduced side elevation view of two stacked
electrical power generating systems.

DETAILED DESCRIPTION OF THE INVENTION

Referring initially to FIGS. 1 and 2, there is illustrated
apparatus for converting wave motion on a body of water 500
to electrical power. The apparatus includes an electrical
power generating system, generally designated as 20. Also
referring to FIGS. 3-11, electrical power generating system
20 includes a watertight floatable housing 22 which floats on
a body of water 500 such as an ocean, lake, etc. An electrical
power generating unit 24 is disposed within floatable housing
22. Flectrical power generating unit 24 includes a first wheel
26 which is spaced apart from a second wheel 28. In the
shown embodiment, first 26 and second 28 wheels are pul-
leys, however other elements such as gears and sprockets
could also be utilized. Also in the shown embodiment, wheels
26 and 28 are fixedly connected to a base 30 which is in turn
fixedly connected to floatable housing 22. A drive element 32
rotatably connects first wheel 26 and second wheel 28. Drive
element 32 is a continuous band which is looped around first
wheel 26 and second wheel 28 so that as drive element 32
moves (rotates) wheels 26 and 28 rotate. In the shown
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embodiment drive element 32 is a belt which rotates first
wheel 26 and second wheel 28 which are pulleys. It may be
appreciated however that drive element 32 could also be a
rope, cable, chain, etc.

A weight 34 is connected to drive element 32. In the shown
embodiment, a track 36 is disposed between first wheel 26
and second wheel 28. Weight 34 includes a roller which is
shaped and dimensioned to roll along track 36. As such,
through the action of gravity weight 34 is free to bi-direction-
ally move along track 36 either toward first wheel 26 or
toward second wheel 28. The roller and track design mini-
mizes stress and strain on drive element 32.

An electrical generator 38 is rotatably connected to first
wheel 26 so that when first wheel 26 rotates the rotor of
generator 38 also rotates. In the shown embodiment, a second
generator 40 is also rotatably connected to first wheel 26, and
at least one generator is connected to second wheel 28. As
shown, two generators third generator 42 and fourth genera-
tor 44 are connected to second wheel 28. In an embodiment,
generator 38 (and 40, 42, and 44) are alternators.

Also referring to FIGS. 13 and 14, when floatable housing
22 is placed in body of water 500 the wave motion causes
electrical power generating system 20 to tilt so that one of first
wheel 26 and second wheel 28 becomes lower (closer to the
center of the earth) than the other of first wheel 26 and second
wheel 28. In FIG. 13 the tilting has caused first wheel 26 to be
lower than second wheel 28, and in FIG. 14 the tilting has
caused second wheel 28 to be lower than first wheel 26. When
system 20 is so tilted, because of gravity weight 34 moves
toward the lower wheel which in turn causes drive element 32
to rotate (about axis 33), which in turn causes first wheel 26 to
rotate (about axis 27), which in turn causes generator 38 to
rotate (about axis 39) and produce electrical power (also refer
to FIGS. 3 and 4). It is further noted that the tilting further
causes second wheel 28 to rotate (about axis 29), second
generator 40 to rotate (about axis 39) and produce electrical
power, and third and fourth generators 42 and 44 respectively
to rotate (about axis 43) and produce electrical power. In FI1G.
13 the rotation of drive element 32, wheels 26 and 28, and
generator(s) 38 (and 40), and 42 (and 44) are all clockwise,
and in FIG. 14 the rotation is counterclockwise. The direction
of rotation of drive element 32 is shown by the two arrows. In
an embodiment, generator 38 (and 40, 42, and 44) produce
electrical power in both rotational directions.

Track 36 has a first end disposed near first wheel 26, and a
second end disposed near second wheel 28. A first stop 46 is
disposed at the first end of track 36 for preventing roller 34
from striking first wheel 26, and a second stop 48 is disposed
at the second end of track 36 for preventing roller 34 from
striking second wheel 28. The maximum excursion of roller
34 is shown in dashed lines in FIGS. 4, 13 and 14.

Referring specifically to FIGS. 6 and 8, a second generator
40 is rotatably connected to first wheel 26. First wheel 26
includes a middle pulley 50 and two end pulleys 52 and 54.
That is, first wheel 26 consists of three pulleys which are
axially connected together (such as by welding). Drive ele-
ment 32 is connected to middle pulley 50. First generator 38
is rotatably connected to one end pulley (52 as shown), and
second generator 40 is rotatably connected to the other of end
pulley (54 as shown). The connection of pulley 52 to first
generator 38 is effected by a first generator drive element 56
(such as a belt, rope, cable, chain etc.), and the connection of
pulley 54 to second generator 40 is effected by a second
generator drive element 58.

FIG. 12 is a top plan view of electrical power generating
system 20 with a plurality of electrical power generating units
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24. It may be appreciated that other embodiments could
include three or more electrical power generating units 24.

Again referring to FIGS. 13 and 14, floatable housing 22
includes a sealed output port 60 which routes the power
output of power generating unit 24 through an electrical cable
62 to a remote location, typically on shore. In one embodi-
ment the electrical cable is run along an anchor line 64 which
anchors floatable housing 22 to the floor of the body of water.

FIG. 15 is a reduced perspective view of two electrical
power generating systems 20 and 20A connected together,
FIG. 16is an enlarged view of area 16-16 of F1G. 15, and FIG.
17 is a reduced side elevation view of the two connected
electrical power generating systems 20 and 20A being tilted
by wave motion. Electrical power generating system 20 is
connected to a second electrical power generating system
20A by a connector 66. Connector 66 prevents electrical
power generating systems 20 and 20A from both drifting
apart and colliding, and can be used to form an array of
electrical power generating systems 20 (refer to FIGS. 18 and
19). In the shown embodiment, connector 66 is an elongated
member such as a flexible beam made from rubber or other
resiliently bendable material. In the shown embodiment,
electrical power generating system 20 and electrical power
generating system 20A each have a connector receiving sta-
tion 68 which removably receives one end of connector 66.
Connector receiving station 68 includes a pivot axis 70 about
which connector 66 can rotate (in a generally vertical plane).
The rotation capability coupled with the flexibility of connec-
tor 66, ensures that electrical power generating system 20 and
second electrical power generating system 20A can move
with respect to each other during wave motion as is shown in
FIG. 17. It is noted that in the shown embodiment, connector
receiving station 68 is disposed about half way between the
top and bottom of floatable housings 22 and 22A.

Still referring to FIG. 15, it is also noted that electrical
power generating system 20 and second electrical power gen-
erating system 20A each have a plurality of connector receiv-
ing stations 68 disposed around their perimeters. This facili-
tates the connection of electrical power generating systems 20
into arrays such as shown in FIGS. 18 and 19, and also permits
array reconfiguration, and electrical power generating system
20 replacement in the event of failure.

FIG. 18 is a reduced top plan view of an array of electrical
power generating systems 20 which are connected by con-
nectors 66 which are connected to connector receiving sta-
tions 68. A plurality of electrical power generating systems 20
are connected to form the array of electrical power generating
systems. Bach electrical power generating system 20 of the
array of electrical power generating systems has a longitudi-
nal axis 80 along which power generating unit 24 is disposed
(refer also to FIGS. 1 and 2). The array of electrical power
generating systems is arranged so that longitudinal axis 80 of
an electrical power generating system 20 is oriented parallel
with the longitudinal axis of an adjacent electrical power
generating system 20. For example, it is noted that the longi-
tudinal axis 80 of electrical power generating system 20A is
parallel to the longitudinal axis 80 of adjacent electrical
power generating system 20B. It is further noted that the
longitudinal axis 80 of electrical power generating system
20A is collinear with the longitudinal axis 80 of adjacent
electrical power generating system 20C, which for the pur-
poses of this discussion is also parallel.

FIG. 19 is a reduced top plan view of another array of
electrical power generating systems. In this case, the array of
electrical power generating systems is arranged so that lon-
gitudinal axis 80 of an electrical power generating system 20
is oriented perpendicular to the longitudinal axis of an adja-
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cent electrical power generating system 20. For example, it is
noted that the longitudinal axis 80 of electrical power gener-
ating system 20A is perpendicular to the longitudinal axes 80
of'adjacent electrical power generating systems 20B and 20C.
This perpendicular relationship ensures that electrical power
will be generated for tilting wave motion in either directions
82 or 84. For wave motion in direction 82, electrical power
generating systems 20 A and 20D will generate the most elec-
trical power, while for wave motion in direction 84, electrical
power generating systems 20B and 20C will generate the
most powetr.

FIG. 20 is a reduced side elevation view of two stacked
electrical power generating systems. Second electrical power
generating system 20A is stacked on top of electrical power
generating system 20. Because of the increased height, the
motion of weight 34 (refer to FIGS. 1 and 2) in second
electrical power generating system 20A is amplified, and
thereby more electrical power is generated. The two tilted
systems are shown in dashed lines. Also, stacking permits
more electrical power generating systems 20 to be placedin a
given area.

The embodiments of the apparatus described herein are
exemplary and numerous modifications, combinations, varia-
tions, and rearrangements can be readily envisioned to
achieve an equivalent result, all of which are intended to be
embraced within the scope of the appended claims. Further,
nothing in the above-provided discussions of the apparatus
should be construed as limiting the invention to a particular
embodiment or combination of embodiments. The scope of
the invention is defined by the appended claims.

I claim:

1. Apparatus for converting wave motion on a body of
water into electrical power, comprising:

an electrical power generating system including;

a floatable housing;

an electrical power generating unit disposed within said
floatable housing, said electrical power generating
unit including:

a first wheel,

a second wheel spaced apart from said first wheel;

a drive element rotatably connecting said first wheel
and said second wheel;

a weight connected to said drive element;

a first electrical generator rotatably connected to said
first wheel so that when said first wheel rotates said
first generator rotates;

a second generator rotatably connected to said first
wheel,

said first wheel including a middle pulley and two end
pulleys;

said drive element connected to said middle pulley;

said first generator rotatably connected to one of said
end pulleys;

said second generator rotatably connected to the other
of said end pulleys; and,

wherein said electrical power generating system is
adapted to be placed in the body of water such that the
wave motion causes said electrical power generating
system to tilt so that one of said first wheel and said
second wheel becomes lower than the other of said
first wheel and said second wheel, said weight moving
toward said lower wheel, which causes said drive
element to rotate, which causes said first wheel to
rotate, which causes said generators to rotate and pro-
duce electrical power.

2. Apparatus for converting wave motion on a body of
water into electrical power, comprising:
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an electrical power generating system including;
a floatable housing;
an electrical power generating unit disposed within said
floatable housing, said electrical power generating
unit including: 5
a first wheel,
a second wheel spaced apart from said first wheel;
a drive element rotatably connecting said first wheel
and said second wheel;
a weight connected to said drive element; 10
an electrical generator rotatably connected to said first
wheel so that when said first wheel rotates said
generator rotates;
wherein said electrical power generating system is
adapted to be placed in the body of water such that the 15
wave motion causes said electrical power generating
system to tilt so that one of said first wheel and said
second wheel becomes lower than the other of said
first wheel and said second wheel, said weight moving
toward said lower wheel, which causes said drive 20
element to rotate, which causes said first wheel to
rotate, which causes said generator to rotate and pro-
duce electrical power;
aplurality of said electrical power generating systems con-
nected to form an array of systems; 25
each said electrical power generating system of said array
of systems having a longitudinal axis along which said
power generating unit is disposed; and,
said array of systems arranged so that said longitudinal axis
of a said electrical power generating system is oriented 30
perpendicular to said longitudinal axis of an adjacent
said electrical power generating system.
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